We present some recently obtained results on transverse-momentum dependent parton distribution functions (TMD PDFs), the latter being important ingredients for the description of semi-inclusive hadronic processes. Special attention is payed to the renormalization group (RG) properties of these objects. In particular, their leadingorder anomalous dimension is calculated in the light-cone gauge. It is shown that the RG properties can be used to reveal, in the most economic way, the general structure of the gauge links entering the operator definition of TMD PDFs.
enter the quark-antiquark matrix elements, which accumulate non-perturbative information on the distribution of partons inside a hadron participating in high-energy collisions. In these parton distribution functions Wilson lines arise due to the resummation of gluon exchanges between the hard and the soft part of the (factorized) process, while the integration contour Γ is defined by the hard subprocess. One the other hand, from the field-theoretical point of view, Wilson lines restore the gauge invariance of nonlocal two-fermion operators. It is known that the renormalization of the contour-dependent operators with Wilson-line obstructions (cusps, or self-intersections) cannot be performed by the ordinary R−operation alone, but requires an additional renormalization factor depending on the cusp angle [1, 2, 3, 4] :
From this expression, one can find the corresponding (cusp-angle-dependent) anomalous dimension:
The ultraviolet (UV) anomalous dimensions of TMD PDFs are on the focus of the present report, since they accumulate the main characteristics of Wilson lines in local form, while the gauge contours themselves are global objects and, therefore, complicated to be treated within a local-field theory framework. Parton distribution functions play a principal role in QCD phenomenology [5, 6, 7] . In inclusive processes, such as DIS, the standard (integrated) PDFs are used, which depend on the longitudinal fraction of the momentum, x, and on the scale of the hard subprocess Q 2 . The completely gauge invariant (with the Wilson line inserted) definition of integrated PDFs reads [8] 
and its renormalization properties are described by the DGLAP evolution equation
where P ij is the DGLAP integral kernel. The study of semi-inclusive processes, such as SIDIS, or the Drell-Yan process, where the transverse momentum of the produced hadrons can be observed, requires the introduction of more complicated quantities, so-called unintegrated, or transverse-momentum dependent, PDFs. In this case, the integration over the transverse component of the parton's momentum k ⊥ is not performed. Their gauge-invariant definition looks like [9, 10, 11, 12] 
Formally, the integration over the transverse component of the parton's momentum is expected to yield the integrated distribution
However, the above definition cannot be considered as a final one and in fact it has to be modified. The reason is that in this case, extra (rapidity) divergences arise-which are associated with the known features of the light-cone gauge or the light-like Wilson lines-that cannot be removed by ordinary UV renormalization alone [8, 7, 13, 14, 15] . Note that in the integrated case these divergences, though they do appear at the intermediate steps of the calculation, they are absent in the final result due to the mutual cancelation between real and virtual gluon contributions. A further complication is that the reduction to the integrated case cannot be performed straightforwardly: the formal integration does not reproduce the correct result (i.e., the DGLAP kernel) because of additional uncanceled UV divergences.
In this presentation, we report on a generalized renormalization procedure [15] for nonlightlike Wilson lines (which is akin to the subtractive method of Ref. [16, 17 ]-see also [18] ) in order to remove the extra divergences by an additional "soft" factor, defined by the vacuum average of particular Wilson lines. This allows us to perform the necessary modifications of TMD PDFs in the most economic way. To this end, we calculate the anomalous dimension of the TMD PDF (in fact, we calculate the distribution of a "quark in a quark") in the lightcone gauge and identify the extra UV divergences which generate an additional anomalous dimension. Then, we perform a generalized renormalization procedure of the TMD PDF, similar to the renormalization of contour-dependent operators with cusped or self-intersecting gauge contours [1, 2] . This renormalization cancels all undesirable divergences and yields a completely gauge invariant definition of TMD PDFs.
Analysis of the leading-order UV divergences
The one-gluon exchanges, contributing to the UV-divergences, are described by the diagrams (a) and (b) in Fig. 1 . In the light-cone gauge, extra rapidity divergences arise owing to the q + -pole in the gluon propagator:
where [q + ] stands for an undefined denominator. We consider the following pole prescriptions:
where η is small but finite. To control UV singularities, dimensional regularization is used. Another possible prescription, namely, the Mandelstam-Leibbrand (ML) one, will be considered in future work. The UV divergent part of the diagrams (a) and (b), depicted in Fig. 1 (without their "mirror" contributions), is
where C F = (N 2 c − 1) /2N c = 4/3 and the numerical factor C ∞ accumulates the poleprescription uncertainty, defined by
One appreciates that the contribution of the transverse gauge link at light-cone infinitydiagram 1(b)-suffices to cancel the dependence on the pole prescription. Turn now to the important issue of time-reversal-odd effects that appear already in Eq. (10) and are responsible for single-spin asymmetries [19] . It is expected that T -odd effects arise when the dependence on the intrinsic transverse motion of partons is taken into account, e.g., in semi-inclusive processes, like SIDIS (or DY). In covariant gauges, this effect originates from the Wilson lines in the operator definition of the TMD PDFs. On the other hand, in the axial (light-cone) gauge, our analysis demonstrates that T −odd phenomena reveal themselves via the direction to go around the pole. In fact, the imaginary term, in Eq. (10) stems from the infinitesimal deformation of the integration contour to circumvent the pole in the gluon propagator subject to the pole prescriptions in (9) . It corresponds to the imaginary term one would obtain with lightlike Wilson lines in a covariant gauge. In this latter case, the leading term in the Wilson line produces, after Fourier transforming it, has a similar q + -pole in the denominator:
Taking into account that T −reversal corresponds to the inversion of the Wilson line's direction by flipping the sign in the denominator from η → −η, one may conclude that the T −odd effects in the TMD PDFs are already ingrained in their local RG properties and are revealed by their anomalous dimensions. Note that the imaginary terms in the anomalous dimensions can be attributed to the contributions of gluons in the Glauber regime, where their momenta are mostly transverse [4] . Indeed, it was recently shown (in the Soft Collinear Effective Theory) that exactly the Glauber gluons contribute most to the transverse gauge link underlying T −odd effects in the light-cone gauge [20] . Taking into account the "mirror" contributions (termed "right" in the equation to follow), one gets the total real UV divergent part:
Thus, the one-loop anomalous dimension reads
The defect of the anomalous dimension
marks the deviation of the calculated quantity from the anomalous dimension of the two-quark operator with the smooth (i.e., direct) gauge connector. The connector-corrected fermion propagator [2, 21] has an anomalous dimension that is twice the anomalous dimension of the fermion field operator. On the other hand, γ LC contains an undesirable p + -dependent term that should be removed by an appropriate procedure. Note that p + = (p · n − ) ∼ cosh χ defines, in fact, an angle χ between the direction of the quark momentum p µ and the light-like vector n − . In the large χ limit, ln p + → χ, χ → ∞. Thus, we conclude that the defect of the anomalous dimension, δγ, can be identified with the one-loop cusp anomalous dimension [4] .
Using the above observation as a hint and taking into account the renormalization properties of Wilson lines with obstructions, discussed in the Introduction, we now compute the extra renormalization constant associated with the soft counter term [16] and show that it can be expressed in terms of a vacuum expectation value of a specific gauge link. Hence, in order to cancel the anomalous dimension defect δγ, we introduce the counter term
where
and evaluate it along the non-smooth, off-the-light-cone integration contour
with n − µ being the minus light-cone vector. The one-loop gluon virtual corrections, contributing to the UV divergences of the soft factor R, are shown in Fig. 1 (diagrams (c) and (d) ). For the UV divergent term we obtain
